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STIRAP as abbreviation 

STIRAP
= STImulated

Rapid
Adiabatic
Passage
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Abbreviation Motivation Theory
General
Physics

Nuclear
physics

STIRAP in Motivation

• Laser spectroscopy in nuclear physics

• Incoherent excitation

• Coherent excitation

4

K. Bergmann et al. Rev. Mod. 
Phys. (1998)
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STIRAP in Motivation

• Incoherent excitation

• Coherent excitation

• STIRAP excitation

OR
STOKES

STOKES

PUMP

PUMP
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Abbreviation Motivation Theory
General 
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Nuclear
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STIRAP in Theory

• STIRAP Hamiltonian
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K. Bergmann et al. Rev. Mod. 
Phys. (1998)
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Coupling strength 
induced by
• Stokes laser
• Pump laser

STOKES

PUMP

~
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STIRAP in Theory

• STIRAP Hamiltonian
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K. Bergmann et al. Rev. Mod. 
Phys. (1998)
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Detuning
• Stokes laser
• Pump laser

STOKES

PUMP

T

STIRAP in Theory

• STIRAP Hamiltonian
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K. Bergmann et al. Rev. Mod. 
Phys. (1998)
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STIRAP in Theory

• Quantum description

= 0
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Abbreviation Motivation Theory
General
Physics

Nuclear
physics

T

STIRAP in Theory

• Adiabatic following

12

*In the case of transform limited 
bandwidth

B.M. et al. Zeitschrift für Physik 
(1928) 
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STIRAP in Theory

• Adiabatic following
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*In the case of transform limited 
bandwidth

B.M. et al. Zeitschrift für Physik 
(1928) 
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STIRAP in General Physics

• STIRAP presents

o Efficient excitation

o Robust excitation

o Excitation to 1 photon forbidden states

o Relative insensitivity to intermediate state decay

o Possibility of working with levels in continuum
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STIRAP in General Physics

• On the other side of the coin

o Power

15

J. Martin et al. Phys. Rev. A 
(1995)

Abbreviation Motivation Theory
General
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STIRAP in General Physics

• On the other side of the coin

o Power

o Interference in multilevel systems (e.g. hyperfine 
interaction)
= 3-step procedure

• Adiabaticity

• Connectivity

• Eigenvalue interactions

16

J. Martin et al. Phys. Rev. A 
(1995)
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STIRAP in General Physics

• On the other side of the coin

o Power

o Interference in multilevel systems (e.g. hyperfine 
interaction)
= 3-step procedure

• Adiabaticity

• Connectivity

• Eigenvalue interactions

o Decay intermediate state (system dependent)

17

J. Martin et al. Phys. Rev. A 
(1995)

Abbreviation Motivation Theory
General
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STIRAP in General Physics

• STIRAP is widely applied in 

o Matter-wave optics

18

L. S. Goldner et al. Phys. Rev. Lett. 
(1994)

Takekoshi et al. Phys. Rev. Lett.
(2014)

A. S. Parkings et al. Phys. Rev. 
Lett. (1993)
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STIRAP in General Physics

• STIRAP is widely applied in 

o Matter-wave optics

o Atomic and molecular physics
• Atoms – molecule conversion (e.g. Ultracold molecular gases)

19

L. S. Goldner et al. Phys. Rev. Lett. 
(1994)

Takekoshi et al. Phys. Rev. Lett.
(2014)

A. S. Parkings et al. Phys. Rev. 
Lett. (1993)

Abbreviation Motivation Theory
General
Physics

Nuclear
physics

STIRAP in General Physics

• STIRAP is widely applied in 
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• Preparing photon number
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STIRAP in General Physics

• STIRAP is widely applied in 

o Matter-wave optics

o Atomic and molecular physics
• Atoms – molecule conversion (e.g. Ultracold molecular gases)

• Preparing photon number

o Solid-state physics

o Quantum-information

o Etc.

21

L. S. Goldner et al. Phys. Rev. Lett. 
(1994)

Takekoshi et al. Phys. Rev. Lett.
(2014)

A. S. Parkings et al. Phys. Rev. 
Lett. (1993)
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STIRAP in Nuclear Physics

• Simulation code 

o Tested and awaiting orders  find suitable case

o Huge parameter space  visualisation of simulations

22

Abbreviation Motivation Theory
General
Physics

Nuclear
physics



24/11/2015

12

STIRAP in Nuclear Physics

• Applications possible in Nuclear Physics work

o Replacing optical pumping: STIRAP can 
• Reduce interaction region

• Include ‘open’ systems

o Efficient ionization: STIRAP can
• Efficiently excite ensemble to auto-ionising level?

o Doppler ensemble
• In case that transition frequencies are not to far apart  excite 

efficiently entire Doppler ensemble?

o Polarization of the beam

23
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STIRAP in Conclusion
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• Efficient and robust excitation between quantum levels

• Applied in a variety of physics applications

• Can we use it ?  

OR

STOKES STOKES

PUMP
PUMP
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Thank you for your
attention!


